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Description

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to process
control systems and, more particularly, to a method and
apparatus to configure a control environment for a field
instrument in a control system.

BACKGROUND

[0002] Process control systems have been implement-
ed for many years and across various industries. In pe-
troleum processing, power generation, and chemical
manufacturing, process control systems have been uti-
lized to varying degrees, from small control systems hav-
ing a few input/output (I/O) nodes to vastly larger systems
having hundreds, and even thousands, of the field instru-
ments and devices, such as, for example, valves, lou-
vers, regulators, displacement and float level sensors,
relief valves, and alarms.
[0003] In many process control systems, it is common
to have one or more field devices implemented in a stand-
alone snap-acting application. In this configuration, the
field device is essentially separate from the control sys-
tem in that the field device can only be controlled or mon-
itored by control system personnel at the site of the field
device. The secluded or remote field device is considered
to be operating "blind," as the device does not provide
feedback to the process control system pertaining to op-
erating information. Such feedback, may typically consist
of, for example, the actual position of a valve or other
information regarding the valve.
[0004] In the past, these "blind," field devices which
often are situated in remote locations, were typically con-
trolled via a pneumatic or hydraulic controller. Pneumatic
controllers tend to be well suited for the automation of
simple repetitive tasks. However, such controllers may
be subject to mechanical fatigue and deterioration, which
can adversely affect both the accuracy and the repeata-
bility of the process control system, either of which may
ultimately lead to failure of the control system. It would
therefore be beneficial to have a field device that can be
remotely controlled and/or monitored, so the process
control system can more readily assess the operating
condition of the field device.
[0005] Fig. 1 depicts a common configuration of a local
control loop in a stand-alone application. An event trigger
associated with the process is monitored by a sensor
such as, for example, a pressure switch, a micro switch,
a limit switch, or other suitable devices. The sensor is
connected to the controller, and in response to an occur-
rence of the event trigger, the sensor alerts the controller.
In turn, the controller energizes an actuator or transducer
associated with the field device to adjust the process.
For example, the controller may cause the transducer or
actuator to move a control valve, flip a switch, or raise or
lower a temperature or pressure associated with the

process.
[0006] Initially, pneumatic control systems did not in-
corporate programmable logic controllers (PLC) or any
electrical/electronic controllers. Control systems eventu-
ally utilized digital logic with the incorporation of solid-
state devices, programmable logic arrays (PLAs), PLCs,
and microprocessors and microcontrollers. With the ad-
vent of such electronic control systems, it became pos-
sible to remotely monitor and control field devices via
wired-communication between the controller and the
field device.
[0007] If there was a desire to remotely monitor the
field device of a stand-alone control loop such as that
shown in Fig. 1, the sensor and field device could be
wired to the electronic control system. Such a configura-
tion is show in Fig. 2 wherein the local control loop of Fig.
1 utilizes a control system. In this arrangement, a process
value or variable is sent from the sensor to the control
system via a communication protocol such as Field-
bus™. The control system then determines a set-point
(for example, an operational parameter) and sends a
control signal over a communication bus to the field de-
vice to control the process. Thus, responsibility for mon-
itoring and controlling the stand-alone field device was
relocated from the site of the field device to a distant or
remote control system.
[0008] One concern with wire-coupling a control loop
to a control system is the cost and effort associated with
the actual wiring of the system. Often times it simply is
not feasible to hard-wire a control loop to a control system
because of the distance, inhospitable terrain, dangerous
environment, or easement restrictions between the two
locations. Another concern is the increase in time in-
volved to control the remotely connected field device as
compared to the initial stand-alone configuration and its
snap-acting operation. That is, the time required to send
a control response to the wired field device includes time
for sending the sensed process value to the remote con-
trol system, processing the sensed value at the controller,
and sending the control command back to the remotely
located control element, as well as the time it takes for
the control element to react. This increase in time may
adversely affect the ability of the system to control proc-
esses where the monitored variable changes quickly.
[0009] To lessen the cost and complexity associated
with wiring remote field devices to the control system,
some portions of the control process were modified for
wireless communication. A typical implementation of a
wireless sensor is shown in Fig. 3, wherein the wiring
between the sensor and the control system shown in
Figs. 1 and 2 has been replaced with wireless capability.
This modification however does not address the con-
cerns that arise relating to the associated increase in time
to control the field device compared with respect to the
snap-acting configuration. On the contrary, because the
wireless sensor in many cases is battery powered, the
rate of transmission from the wireless sensor to the con-
trol system is usually reduced to conserve the battery.
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The minimized transmissions of the sensor value to the
control system unfortunately may further extend the time
needed to control the process as compared to systems
utilizing wired sensors.
[0010] In view of the above concerns that need to be
addressed for remotely controlling and/or monitoring a
field device, it is not difficult to understand why many field
devices remain configured in stand-alone applications.
Controlling such field devices therefore still requires con-
trol personnel to visit the site of the field device, which
may be located in a harsh or hazardous environment, to
modify or adjust the state, position, or other operating
parameters of the field device.
[0011] Patent literature 1 is allegedly the closest prior
art and outlines an Industrial process control system to
be used with processes which are geographically spread
out over a relatively wide field area.

Patent literature

[0012] Patent literature 1: US 4 149 237

SUMMARY

[0013] According to the invention, the above problems
are addressed by means of a system as defined in inde-
pendent claim 1. Advantageous further developments of
the system according to the invention are set forth in the
subclaims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

FIG. 1 is a block diagram of an existing snap-acting
control loop.

FIG. 2 is a block diagram of an existing control loop
utilizing a control system.

FIG. 3 is a block diagram of an existing control loop
utilizing a control system wherein the sensor is wire-
lessly coupled to the control system.

FIG. 4 is a block diagram of an example process
control system assembled in accordance with the
teachings of the present invention and used to re-
motely monitor and/or control a field device or local
control loop.

FIG. 5 is a block diagram of one informative example
of a process control system used to remotely monitor
and/or control a field device or control loop.

FIG. 6 is a block diagram of a first example embod-
iment of a process control system assembled in ac-
cordance with the teachings of the present invention
and used to remotely monitor and/or control a field

device or control loop.

FIG. 7 illustrates an example process flow diagram
exhibiting complementary controlling functionality
using the control system assembled in accordance
with the teachings of the present invention and used
to remotely monitor and/or control a field device or
control loop.

FIG. 8 illustrates an example process flow diagram
exhibiting complementary controlling functionality
using the control system assembled in accordance
with the teachings of the present invention and used
to remotely monitor and/or control a field device or
control loop.

FIG. 9 illustrates an example process flow diagram
exhibiting complementary controlling functionality
using the control system assembled in accordance
with the teachings of the present invention and used
to remotely monitor and/or control a field device or
control loop.

FIG. 10 illustrates an example of a wireless output
device including a processor, control module, sen-
sor, memory, and control output.

FIG. 11 is a block diagram of a second informative
example of a process control system used to remote-
ly monitor and/or control a field device or control loop.

FIG. 12 is a block diagram of a second example em-
bodiment of a process control system assembled in
accordance with the teachings of the present inven-
tion and used to remotely monitor and/or control a
field device or control loop.

DETAILED DESCRIPTION

[0015] Generally speaking, a control system includes
a controller that is configured to respond to a target or
an event trigger associated with a process condition. The
process condition is monitored, typically via a sensor cou-
pled to the process, for the occurrence of the event trig-
ger. Upon the occurrence of the event trigger, the sensor
may provide an indication of the occurrence to the con-
troller. The controller may then record corresponding in-
formation associated with the occurrence of the event
trigger, such as the date and time of the occurrence,
and/or the controller may respond by transmitting a con-
trol value to adjust a parameter of an associated field
device to control the process.
[0016] Fig. 4 depicts an example process control sys-
tem 200 having a system or process controller 211 com-
municatively connected to a memory 212 including a data
collection unit and one or more host workstations or com-
puters 213 (which may be any type of personal comput-
ers, workstations, etc.), each having an output display
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screen 214. The memory 212 may include any desired
type of memory and any desired or known software, hard-
ware, or firmware for storing data and may be separate
from (as illustrated in Fig. 4) or a part of one of the work-
stations 213.
[0017] The controller 211, which may be, by way of
example, a FIELDVUE® DVC sold by Emerson Process
Management, is communicatively connected to the host
computers 213 and to the memory 212 via, for example,
an Ethernet connection or any other desired communi-
cation network 229. The communication network 229
may be in the form of a local area network (LAN), a wide
area network (WAN), a telecommunications network, etc.
The control system 200 also includes at least one proc-
essor 205 that is coupled to a wireless communication
module 206, which facilitates wireless communication to
and from the control system 200.
[0018] The controller 211 is communicatively connect-
ed to field devices 215-222 via input/output (I/O) cards
or devices 226 and 228 and using any desired hardware
and software associated with, for example, standard 4-20
ma devices and/or any smart communication protocol
such as the FOUNDATION® Fieldbus protocol (Field-
bus), the HART protocol, etc. The field devices 215-222
may be any types of devices, such as valves, valve po-
sitioners, switches and transmitters (for example, tem-
perature, pressure and flow rate sensors), and perform
functions within the process such as opening or closing
valves and measuring process parameters. The I/O
cards 226 and 228 may be any types of I/O devices con-
forming to any desired communication or controller pro-
tocol.
[0019] In the example embodiment illustrated in Fig.
4, the field devices 215-218 are standard 4-20 ma devic-
es that communicate over analog lines to the I/O card
226 while the field devices 219-222 are smart devices,
such as Fieldbus field devices, that communicate over a
digital bus to the I/O card 228 using Fieldbus protocol
communications. The field devices 215-222 of course
may conform to any other desired standard(s) or proto-
cols, including any standards or protocols developed in
the future.
[0020] The controller 211 communicates with the de-
vices 215-222, the host computers 213, and the memory
212 to control a process in any desired manner. The con-
troller 211, which may be one of many controllers distrib-
uted within the plant, implements or oversees one or
more process control routines. The process control rou-
tines typically include control modules, which may be one
or more control loops, or control routines, and which may
be stored in the memory 212 and executed on by the
processor 205. For the purpose of this description, a proc-
ess control element can be any part or portion of a proc-
ess control system including, for example, a routine, a
block, or a control module stored on any computer read-
able storage medium.
[0021] Control routines, which may be control modules
or any part of a control procedure such as a subroutine,

parts of a subroutine (such as lines of code), etc., may
be implemented in any desired software format, such as
using ladder logic, sequential function charts, control rou-
tine diagrams, object oriented programming or any other
software programming language or design paradigm.
Likewise, the control routines described herein may be
hard-coded into, for example, one or more EPROMs,
EEPROMs, application specific integrated circuits
(ASICs), PLCs, or any other hardware or firmware ele-
ments. The control routines may be designed using any
design tools, including graphical design tools or any other
type of software/hardware/firmware programming or de-
sign tools.
[0022] The controller 211 may be configured to imple-
ment a control routine or a control strategy in any desired
manner. For example, the controller 211 may implement
a control strategy using what are commonly referred to
as function blocks, wherein each function block is a part
or object of an overall control routine and operates in
conjunction with other function blocks (via communica-
tions called links) to implement process control loops
within the process control system 200. Function blocks
typically perform one of: an input function such as that
associated with a transmitter, a sensor, or other process
parameter measurement device; a control function such
as that associated with a control routine that performs
PID, fuzzy logic, etc. control; or, an output function that
controls the operation of some device such as a valve to
perform some physical function within the process control
system 200. Hybrids of these function blocks, as well as
other types of function blocks, may also exist. While the
description of the control system is provided herein using
a function block control strategy that incorporates an ob-
ject oriented programming paradigm, the control strategy
or control routines or control loops or control modules
could also be implemented or designed using other con-
ventions, such as ladder logic, sequential function charts,
etc., or using any other desired programming language
or paradigm.
[0023] The function blocks and control routines may
be stored in and executed on by the controller 211, which
is typically the case when these function blocks are used
for, or are associated with, standard 4-20 ma devices
and some types of smart field devices such as HART
devices. The function blocks and control routines may
also be stored in and implemented by the field devices
themselves, which may be the case with Fieldbus devic-
es.
[0024] For the purposes of this disclosure, the terms
control strategy, control routine, control module, control
function block, and control loop essentially denote a con-
trol program executed to control the process and these
terms may be interchangeably used herein. However, for
the purposes of the following discussion, the term control
module will be used. It should further be noted that mod-
ule described herein may have parts thereof implement-
ed or executed on by different controllers or other devices
if so desired. In addition, the control modules described
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herein to be implemented within the process control sys-
tem 200 may take any form, including software, firmware,
hardware, etc.
[0025] As illustrated by the expanded block 230 of Fig.
4, the controller 211 may include or implement a number
of single-loop control modules, illustrated as control mod-
ules 232 and 234, and may implement one or more ad-
vanced control loops, illustrated as control module 236.
The single-loop control modules 232 and 234 are illus-
trated as performing single loop control using a single-
input/single-output fuzzy logic control block and a single-
input/single-output PID control block, respectively, con-
nected to appropriate analog input (Al) and analog output
(AO) function blocks, which may be associated with proc-
ess control devices such as the field devices 215-222.
[0026] The advanced control module 236 is illustrated
as including a multivariable control module 238 having
inputs communicatively connected to numerous Al func-
tion blocks and outputs communicatively connected to
numerous AO function blocks, although the inputs and
outputs of the multivariable control block 238 may be
communicatively connected to any other desired control
module to receive other types of inputs and to provide
other types of control outputs. In general, the process
may receive one or more inputs that may include manip-
ulated variable (MV) inputs (also referred to as control
inputs), measurable disturbance variable (DV) inputs,
and un-measured disturbance variable (XV) inputs. The
process may operate based on the MV, DV, and XV in-
puts provided thereto to produce process outputs signals
or controlled variable (CV) signals. It will be understood
that the control modules 232, 234, 236, and 238 illustrat-
ed in Fig. 4, may be executed on by the controller 211
or, alternatively, may be located in and executed on by
any other processing device, such as one of the work-
stations 213 or, as will be described later, in complemen-
tary coordination with a wireless output device 352.
[0027] Fig. 5 is an illustration of a process control sys-
tem 350 assembled in accordance with a first informative
example in the form of a fluid level control process. Upon
reading the present disclosure however, those of skill in
the relevant art will readily understand that any of proc-
esses discussed herein with respect to any of the de-
scribed embodiments may take the form of any one of
numerous processes typically found in a process plant
system, such as, for example, fluid flow rate, valve posi-
tion, temperature, pressure, etc. In this informative ex-
ample, a fluid level of a holding tank is monitored by a
sensor and should the fluid level exceed a prescribed
limit, the event trigger may be realized and the sensor
will indicate to a controller the occurrence of the event
trigger. Upon becoming aware of the event trigger, the
controller may respond by sending a control value to an
associated field device such as a drain valve wherein the
valve will be actuated to open the drain so that the fluid
level will return below the prescribed limit.
[0028] The process control system 350 is operatively
coupled to the process 351 and to a field device 354,

which is also coupled to the process 351 for controlling
a process condition associated with the process 351. The
process control system 350 includes a wireless sensor
356 coupled to the process 351 and arranged to monitor
the process 351 for the occurrence of the event trigger
associated with the process condition. The remote con-
trol system 200 earlier described in Fig. 4 is disposed
remotely from the field device 354, with the remote control
system 200 including a controller, a memory, a proces-
sor, and a wireless communication module. In the exam-
ple shown, the controller, the memory, the processor,
and the wireless communication module may be the con-
troller 211, the memory 212, the processor 205, and the
wireless communication module 206 discussed previ-
ously with respect to the control system 200 of Figure 4.
The control module 240 is capable of being executed on
by the processor 205 to permit the controller 211 to place
the field device 354 at a first set-point to control the proc-
ess condition.
[0029] The process control system 350 also includes
a local control system 300 disposed locally relative to the
field device 354. The local control system 300 includes
a wireless output device 352. The wireless output device
includes a local controller 310, a local memory 252, a
local processor 250, and a local wireless communication
module 254 coupled to the local processor 250 and ar-
ranged to permit wireless communication between the
local controller 310 and the controller 211 of the remote
control system 200. The local control system 300 in-
cludes a local control module 256 stored on the local
memory 252 and coupled to the local processor 250 The
local control module 256 is capable of being executed
on by the local processor 250 to permit the local controller
310 to place the field device 354 at a local set-point. The
controller 211 of the remote control system 200 may be
arranged to configure the local control module 256 to
permit adjustment of the local set-point.
[0030] Set-points are positions in which the field device
354 may be configured. For example, the set-points of a
valve may be the various positions that the valve may be
configured, such as, fully opened, fully closed, or some
position in between. Control values are sent from the
controller, either the remote controller 211 or the local
controller 310, to configure the set-point of the field device
354. Changes in the set-point may be made in response
to the current process condition as compared to the ex-
pected process condition. For instance, if a liquid holding
tank is not allowed to exceed a specified limit, control
steps will be taken to ensure that from happening. The
sensor will monitor the level of the fluid in the holding
tank and report to the process controller the current sta-
tus. Upon the occurrence of the event trigger, that is the
specified limit of the liquid level being reached, the sensor
will notify the process controller. The process controller
may then send a control value to the field device to adjust
the process.
[0031] As can be seen in Fig. 10, and will be described
in further detail below, the wireless output device 352
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may include at least one input 408 and at least one output
406, both of which are coupled to the local controller 310.
It is through the input 408 and output 406 that a user may
manually configure the local set-point of the field device
354. In particular, the input 408 may be a keyboard, key-
pad, button, etc. wherein text or symbols may be entered
to communicate with the local controller 310, or directions
may be entered to navigate a menu tree within the local
controller 310, to select a control module stored in mem-
ory for use in the control system. The output 406 may be
a display device of some type such as a video screen,
LED, or audio speaker capable of communicating infor-
mation to a user.
[0032] In operation, the process control system 350
shown in Fig. 5 controls the process 351 by having the
remote control system 200 receive information associat-
ed with the condition of the process 351 from the wireless
sensor 356. Wireless communication 312 involving the
process control system 350 may be accomplished
through any known operable means, for example, High-
way Addressable Remote Transducer Protocol (HART),
etc. Use of frequency hopping technologies and anti-jam-
ming technology with 128-bit AES encryption, key rota-
tion, authentication, and verification may also be imple-
mented to ensure protection of data and control.
[0033] The wireless sensor 356 monitors the level of
fluid in the holding tank and may provide the control sys-
tem 200 with the related information. The wireless sensor
356 may transmit a periodic signal to the remote control
system 200 advising of the process condition 351. When
the event trigger occurs, the wireless sensor 356 may
send a signal to the remote control system 200 alerting
of the occurrence of the event trigger. The remote control
system 200 may process the received signal, after which
a control value may be sent to the wireless output device
352, which may subsequently activate an actuator asso-
ciated with the field device 354 to adjust the set-point of
an operating parameter, such as the position of a valve.
[0034] The control system assembled in accordance
with the teaching of the informative example depicted in
Fig. 5 may reduce or eliminate the wiring infrastructure,
and associated costs, previously required between the
remote control system and the field device of the control
system. In addition, the control system of Fig. 5 may pro-
vide the ability to remotely control an initially implemented
stand-alone control loop that was previously thought to
be too difficult or burdensome to connect to the control
system and control remotely. Another benefit that may
be provided is the ability to change the operating param-
eter set-point of the field device 354 via the remote control
system 200 and the first set-point, and/or the wireless
output device 352 and the local set-point.
[0035] Turning now to a first example embodiment of
the present invention shown in Fig. 6, a simplified block
diagram reveals several similar process control elements
utilized in the first informative example shown in Fig. 5,
however the process control elements are arranged in a
slightly different configuration. In particular, the field de-

vice 354 is coupled to the process 351 and arranged to
adjust the process condition. The wireless sensor 356 is
coupled to the process 351 and arranged to facilitate
monitoring of the process for the occurrence of the event
trigger associated with the process condition. A local con-
trol loop 300 is operatively coupled to the field device 354
and includes a local controller having a local wireless
communication module coupled to the wireless sensor.
The local controller further including a local processor, a
local memory, and a local control module. In the example
embodiment shown in Fig. 6, the local controller, local
wireless communication module, local processor, local
memory, and local control module may be the local con-
troller 310, local wireless communication module 254,
local processor 250, local memory 252, and local control
module 256 discussed previously with respect to the local
control system 350 of Fig. 5. The local control module
256 is stored on the local memory 252 and capable of
being executed on by the local processor 250. The local
control loop 300 may be arranged to operate in a local
control mode in which the local controller 310 monitors
the wireless sensor 356 and places the field device 354
at a local set-point determined by the local control module
256.
[0036] The embodiment(s) described above provide
control system personnel with additional flexibility and
control over the control system. In particular, sharing of
a remote control loop is operatively coupled to the field
device 354 and includes a remote controller having a
remote wireless communication module coupled to the
local wireless communication module 254 of the local
controller 310 and facilitating wireless communication
312 between the remote control loop and the local control
loop 300. In the example embodiment shown in Fig. 6,
the remote control loop, remote controller, remote wire-
less communications module, may be the remote control
system 200, remote controller 211, and remote wireless
communications module 206 discussed previously with
respect to Fig. 4. The remote control loop 200 may sim-
ilarly further include the remote processor 205, the re-
mote memory 212, and the remote control module 240.
The remote control module 240 may be stored on the
remote memory 212 and may be capable of being exe-
cuted on by the remote processor 211. The remote con-
trol loop 200 may be arranged to operate in a remote
control mode in which the remote controller 211 monitors
the wireless sensor 356 and places the field device 354
at a remote set-point determined by the remote control
module 240. The remote control loop 200 may further be
arranged to configure the local control module 256 to
remotely alter the local set-point.
[0037] In operation, the process control system 360
shown in Fig. 6 controls the process 351 by having the
local controller 310 of the wireless output device 352 re-
ceive information associated with the condition of the
process 351 from the wireless sensor 356. Similar to the
informative example described in Fig. 5, the wireless sen-
sor 356 monitors the level of fluid in the holding tank and
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may periodically provide the control system 360 with the
related information. Instead of transmitting sensor infor-
mation to the remote control system 200 as in Fig. 5 how-
ever, the wireless sensor 356 of the embodiment shown
in Fig. 6 transmits the information related to the process
condition directly to the wireless output device 352. The
wireless output device 352 receives the information from
the wireless sensor 356, processes the information, and
may subsequently transmit a control value to activate an
actuator associated with the field device 354 to adjust
the set-point of an operating parameter, such as the po-
sition of its valve.
[0038] Wirelessly coupling the output device 352 with
the control system 200 and its system controller 211 in
the manner shown in Fig. 6 may provide the ability for
wireless devices, such as the sensor 356 and wireless
output device 352, to communicate with each other di-
rectly and exchange process operating information. This
configuration may further provide control system person-
nel with an ability to change the user settings, override
valve control and/or monitored positions, etc., of the field
device 354 from the control system 200 as well as from
the wireless output device 352. In other words, the wire-
less output device 352 and its local controller 310, may
be solely responsible for controlling the local control loop
300, or the remote control system 200 and its controller
211 may be solely responsible for controlling the local
control loop 300.
[0039] Additionally, the wireless output device 352 and
the system controller 211 may share responsibility for
controlling the local control loop 300, or may complement
each other in controlling the local control loop 300. As
such, operating parameters of the field device 354 such
as a set-point parameter may be modified or monitored
from the wireless output device 352 or from the system
controller 211 without the need for control personnel to
be physically near the site of the local control loop 360.
[0040] In this configuration, both the remote system
controller 211 and the wireless output device 352 have
the ability to control and/or monitor the local control loop
process 360. That is, the control system 200 and the
wireless output device 352 complement each other to
control and adjust parameters associated with the field
device 354. Thus, changes to the parameters of the field
device 354 may be made from either the controller 211
or the wireless output device 352. So, whereas initially,
control of the local control loop 300 may have been the
sole responsibility of the wireless output device 352, con-
trol of the local control loop 300 may now be comple-
mented by, or shared with, the control system 200 and
its controller 211. Similarly, monitoring of the process
may be shared between the control system 200 and the
wireless output device 352.
[0041] Although the system controller 211 may exe-
cute control of the field device 354, the wireless coupling
between the controller 211 of the control system 200 and
the wireless output device 352 is not merely a replace-
ment for traditionally hardwired configurations. That is,

the control processing being performed in Fig. 6 is not in
a traditional control system manner, but rather in a field
device manner. In other words, because the wireless out-
put device 352 may also control the field device 354,
process variables and output commands need not be
sent to and from the control system controller 211. There-
fore, less frequent communication to and from the control
system 200 may be required and a significant reduction
in process communication may result, which may im-
prove control of the field device 354 by enabling faster
responses to process changes.
[0042] Further in regard to the complementary control
aspect that may be provided by the present invention,
Fig. 7 depicts an example process 500 for selecting a
control module that may be utilized within the process
control system 360 of Fig. 6. In particular, a plurality of
control modules may be stored in memory 252 on the
wireless output device 352 or coupled thereto. The con-
trol modules may be accessible via navigation through a
menu tree using a user interface 404 of the wireless out-
put device 352 shown in Fig. 10. Initially, a selection of
single or dual control operation of the local control loop
300 and the field device 354 may be chosen at a block
502. Single control operation of the field device 354 will
only allow either the remote controller 211 or local con-
troller 310 of the control system 360 to control the field
device 354, whereas dual control operation of the field
device allows for both the remote and local controllers to
contribute to the responsibility of controlling the field de-
vice. Upon selection of dual control operation of the field
device 354, both the wireless output device 352 and the
control system 200 will be responsible for at least some
control aspect of the control loop 300 at a block 504. This
complementary control capability may facilitate the co-
ordination and optimization of available processing ca-
pacity of the control process. For instance, this flexibility
may additionally allow for the settings of valve position(s),
trigger point(s), dead band, cycle counter alert(s), etc.,
to be adjusted via the wireless output device 352 or the
control system 200. Alternatively, if single control of the
field device 354 is desired, selection of the corresponding
control module to be executed on by the local processor
250 of the wireless output device 352 or the remote proc-
essor 205 of the system controller 211 may be made at
a block 506, whereupon either the system controller 211
or the wireless output device 352 will be exclusively re-
sponsible for controlling the control loop 300 at blocks
508 and 510, respectively. In any of these control sce-
narios, the example control module may reside in a com-
puter-readable storage medium, such as a memory, and
is able to be executed on by a computer or processing
device on either the wireless output device 352 or the
system controller 211 (including workstations and com-
puters 213).
[0043] Additional options of a single or complementary
control module for use in the example control system 360
shown in Fig. 6 may also be provided as shown in Fig.
8, wherein an example process 600 for selecting a control
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module associated with a complementary control config-
uration is depicted. Initially, a selection of single or dual
control operation of the field device 354 may be selected
at a block 602. Upon selection of a single control config-
uration, another selection is made at a block 604 pertain-
ing to which controller to use. If the local wireless output
device 352 is selected, the wireless output device will be
will be responsible for controlling the control loop 300 at
a block 606 and the system controller 211 may not be
permitted to control the field device 354 at a block 608.
The system controller 211 however may be allowed to
monitor the field device 354 upon a selection at a block
610. In this instance, modifications to the control param-
eters of the local control loop 300 may only be accom-
plished via the wireless output device 352.
[0044] One plant situation where a complementary
control routine may be implemented is with partial stroke
testing (PST) of an emergency shutdown valve (ESD) in
a control loop. During the PST of the ESD, it may be
desired to visually observe the testing of the ESD and
ensure that it is not interrupted or curtailed. The PST may
therefore be conducted and exclusively controlled by the
wireless output device 352 near the ESD while control
system personnel are able to be present. To prevent
modifications or adjustments to the ESD during the PST,
the complementary control routine may preclude the sys-
tem controller 211 from controlling or modifying the ESD,
if desired, however the system controller 211 may still be
allowed to monitor the ESD. Alternatively, it may be de-
sired for the system controller 211 to be provided with
controlling responsibility of the field device 354, while the
wireless output device 352 is precluded from controlling
the field device 354, but perhaps allowed to monitor the
field device 354.
[0045] Another example process 700 for selecting a
control module associated with a complementary control
arrangement for use in the example control system 360
shown in Fig. 6 is shown in Fig. 9. Initially, a selection of
single or dual control operation of the field device may
be selected at a block 702. Upon selection of single con-
trol, a further selection of the system controller 211 can
be made for controlling the field device 354 at a block
704. The system controller 211 will therefore be respon-
sible for controlling the control loop 300 at a block 706.
Although the wireless output device 352 was not selected
to contribute to the control of the control loop 300, the
wireless output device 352 may be permitted to monitor
the field device 354, if so desired, at a block 710. In this
instance, the control module may provide for the control
system 200 to control the field device 354, while the wire-
less output device 352 may only be permitted to monitor
the field device 354, but may not be allowed to control
the field device 354. In this configuration, modifications
to the local control loop 300 may only be accomplished
via the control system 200. Adjustments to the operating
parameters of the field device 354 are therefore only able
to be made via the remote control system 200, and with-
out the need for control personnel to be present at the

local control loop 300.
[0046] It is further contemplated that the wireless out-
put device 352, the wireless sensor 356, and the control
module 256 may be assembled within a housing. One
example embodiment of such a configuration is shown
in Fig. 10 and includes a rugged housing 402 designed
to meet intrinsically safe and non-incendive require-
ments. Encased with the housing 402 is the wireless com-
munication module 254 and a power source, for example,
a battery (not shown). The housing 402 further includes
an antenna and the externally accessible user interface
404 having the output device 406 or display screen men-
tioned previously. The user interface 404 also includes
the previously mentioned at least one input device 408,
such as a push-button that may be used for setup or
selection of a control module, navigation through a menu
tree of control modules, or calibration of the wireless out-
put device 352. The wireless output device 352 may be
mounted nearby or directly to the field device 354, for
example, pneumatic or hydraulic actuator. In control ap-
plications utilizing pneumatic or hydraulic field devices,
a multidirectional spool valve 410 may be operatively at-
tached to the housing 402 of the wireless output device
352.
[0047] The wireless output device 352 is also capable
of monitoring valves, sliding-stem and rotary-shaft actu-
ators, regulators, displacement and float level sensors,
and relief valves. The wireless output device 352 may
incorporate a magnetic assembly for feedback purposes.
The magnetic assembly may be mounted directly to a
valve stem of the field device 354, wherein a magnetic
field is utilized with a position monitor to sense equipment
position of the field device 354. The position monitor may
be a true linkage-less non-contacting wireless position
transmitter and limit switch that provides a precise wire-
less feedback signal to indicate equipment position. Ad-
ditionally, the wireless output device 352 or the control
system 200 may acquire additional information from the
field device 354, such as valve cycles, valve position,
etc., via the non-contacting means of the output device
352.
[0048] Through the use of the menu tree and user in-
terface 404 of the wireless output device 352, a desired
control module having a complementary control arrange-
ment among the wireless output device 352 and the con-
trol system 200 may be selected. The input buttons 408
and the display screen 406 can be used to step through
the menu tree and select the desired complementary
control module for controlling the field device 354. Mul-
tiple control modules may be available for selection,
which may reside within the memory of either the control
system or the wireless output device 352. In addition, the
control module may be available externally via wired or
wireless downloading from another source such as hand-
held devices, memory devices, etc. The selected control
module may be executed on by the processor 211 of the
system controller 200 or the processor 250 of the wireless
output device 352, wherein any combination of comple-
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mentary control may be utilized between the wireless out-
put device 352 and the control system to control the field
device 354.
[0049] Another advantage of the wireless and comple-
mentary control aspect over the remote field device de-
scribed herein is that only one instrument may be re-
quired for its measurement and control, as opposed to
previous control system configurations that require two
instruments, for example, one for level measurement
and/or monitoring and one for valve control. For example,
the wireless output device 352 shown in Fig. 10 may be
incorporated into a control system as shown in Fig. 11.
The assembly of the processor 250, sensor 356, control
module(s) 256, communication module 254, and control
output 410 within a single wireless output device 352 may
significantly reduce the time to control the field device
356 as compared to the back-and-forth communication
between the controller and the sensor, as well as the
controller and the field device, of known control systems.
The wireless output device 352 shown in Fig. 10 may
therefore be capable of replacing existing pneumatic or
hydraulic controllers in the field and providing the control
and monitoring benefits described herein. That is, the
wireless output device 352 may complement the control
responsibilities of a system controller, provide feedback
to the system controller, and/or receive changes to con-
trol parameters, for example, set-points, from the system
controller.
[0050] In this regard, faster response times to process
changes may be realized by using one instrument where-
in signal communication is reduced, as compared to pre-
vious control configurations where schedule-based sig-
nal transmissions over a communication bus are required
between the sensor to the controller, and from the con-
troller back to the field device. Additionally, the wireless
control application described herein is easily integrated
into the existing infrastructure of the control system, and
provides enhanced safety, and improved ease and ac-
curacy of audit reporting.
[0051] It is further contemplated that other example
embodiments may include monitoring a discrete input
and/or output as an event trigger to activate a response.
In other words, discrete signal outputs may be employed
to send a trigger signal to enable cascading control sig-
nals throughout the control system wherein the changing
of one control parameter is interlocked or interconnected
with another control parameter to cause a change of
state. As is shown in Fig. 12, these inputs and outputs
may be sent or received wirelessly, and which may pass
through a gateway-type intermediary, or alternatively,
may be a direct peer-to-peer communication among the
control devices. This interconnection between wireless
output devices may enable interlocks between the wire-
less output devices, wherein one device that is tripped
to a specific condition may trigger an action by another
device.
[0052] Control responsibility of a field device between
a local loop controller such as the wireless output device

and a control system provides for field device parameters
to be controlled exclusively by a local control device, ex-
clusively by a control system, or various combinations
there between. Control system personnel may therefore
no longer be required to go to the site of a geographically
isolated control loop to observe, monitor, or modify pa-
rameters of its field device. In addition, the local control
device and the control system may cooperate to comple-
mentary control the field device, or perhaps exclude one
or the other from controlling, or monitoring, any portion
of control and monitoring responsibilities for a prescribed
period of time.
[0053] Control modules having complementary control
functionality provide control system personnel with in-
creased flexibility to coordinate overall monitoring and
control over a specific field device, as well as the entire
control system. Another advantage of this flexibility may
be realized in the case where the system controller is to
be shut down for maintenance service, and the wireless
output device may be allowed to assume responsibility
for monitoring and controlling the field device until such
time as the system controller can be placed back into
service. Complementary control within a control system
may therefore provide for continued operation of the local
control loop during a full or partial suspension of the con-
trol system.
[0054] One aspect of the present invention is generally
directed to a local control loop including a local controller,
for example a wireless output device, operatively coupled
to a sensor and a field device. The local control loop is
capable of being wirelessly coupled to a remote control
loop having a remote controller wherein the local control-
ler and the remote controller cooperate to complemen-
tary control the field device. A portion of the control proc-
ess may occur within the local control loop and not in the
traditional manner of a control system where back-and-
forth communication between the sensor and the remote
controller, as well as between the remote controller and
the field/control device, is required. The wireless coupling
of the wireless output device and the remote control loop
may allow for existing stand-alone control loops to be
remotely controlled and/or monitored.
[0055] Although the above description provides exam-
ple apparatus and systems including, among other com-
ponents, software and/or firmware executed on hard-
ware, it should be noted that such systems are merely
illustrative and should not be considered as limiting. Ac-
cordingly, while this description provides example appa-
ratus and systems, the examples provided are not the
only manner to implement such methods and apparatus.
[0056] Also, while the control modules described here-
in have been described as being used in conjunction with
Fieldbus and standard 4-20 ma devices, they may, of
course, be implemented using any other process control
communication protocol or programming environment
and may be used with any other types of devices, control
modules, or controllers. Although the control modules
generally described herein are preferably implemented
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in software, they may be implemented in hardware,
firmware, etc., and may be executed on by any other
processor associated with a process control system.
Thus, the controller routines described herein may be
implemented in a standard multi-purpose CPU or on spe-
cifically designed hardware or firmware such as, for ex-
ample, ASICs, if so desired. When implemented in soft-
ware, the software may be stored in any computer read-
able memory such as on a magnetic disk, a laser disk,
an optical disk, or other storage medium, in a RAM or
ROM of a computer or processor, etc. Likewise, this soft-
ware may be delivered to a user or to a process control
system via any known or desired delivery method includ-
ing, for example, on a computer readable disk or other
transportable computer storage mechanism or modulat-
ed over a communication channel such as a telephone
line, the Internet, etc.
[0057] Thus, while the disclosed methods and appa-
ratus have been described with reference to specific ex-
amples, which are intended to be illustrative only and not
to be limiting of the invention, it will be apparent to those
of ordinary skill in the art that changes, additions or de-
letions may be made to the disclosed embodiments with-
out departing from the spirit and scope of the invention.
This patent therefore covers all methods, apparatus and
articles of manufacture fairly falling within the scope of
the appended claims either literally or under the doctrine
of equivalents.

Claims

1. A process control system (360) for controlling a proc-
ess (351), the process control system (360) compris-
ing:

a field device (354) coupled to the process (351)
and arranged to adjust a process condition;
a wireless sensor (356) coupled to the process
(351) and arranged to monitor the process (351)
for the occurrence of an event trigger associated
with the process condition;
a local control loop (300) associated with the
field device (354), the local control loop (300)
including:

a local controller (310) having a local wire-
less communication module (254) coupled
to the wireless sensor (356), the local con-
troller (310) further including a local proces-
sor (250), a local memory (252), and a local
control module (256);
the local control module (256) stored on the
local memory (252) and capable of being
executed on by the local processor (250),
the local control loop (300) arranged to op-
erate in a local control mode in which the
local controller (310) monitors the wireless

sensor (356) and places the field device
(354) at a local set-point determined by the
local control module (256); and
a remote control loop (200) associated with
the field device (354), the remote control
loop (200) including:

a remote controller (211) having a re-
mote wireless communication module
(206) coupled to the local wireless com-
munication module (254) of the local
controller (310) and facilitating wireless
communication between the remote
control loop (200) and the local control
loop (300),
the remote control loop (200) further in-
cluding a remote processor (205), a re-
mote memory (212), and a remote con-
trol module (240), the remote control
module (240) stored on the remote
memory (212) and capable of being ex-
ecuted on by the remote processor
(205), the remote control loop (200) ar-
ranged to operate in a remote control
mode in which the remote controller
(211) monitors the wireless sensor
(356) and places the field device (354)
at a remote set-point determined by the
remote control module (240);
the remote control loop (200) further ar-
ranged to configure the local control
module (256) to remotely alter the local
set-point;
wherein the local controller (310) is ex-
clusively responsible for controlling the
local control loop (300) when the local
control loop (300) operates in the local
control mode; and
wherein the remote controller (211) is
exclusively responsible for controlling
the local control loop (300) when the
remote control loop (200) operates in
the remote control mode.

2. The process control system of claim 1, wherein the
wireless sensor (356) and the local controller (310)
are attached to a housing (404).

3. The process control system of claim 2, wherein the
local processor (250), the local memory (252), and
the local control module (256) are encased within
the housing (404).

4. The process control system of claims 1 through 2,
wherein the local controller (310) comprises an input
device (408) coupled to the local processor (250),
and an output device (406) coupled to the local proc-
essor (250).
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5. The process control system of claim 4, wherein the
input device (408) includes a push-button.

6. The process control system of claim 4 or 5, wherein
the output device (406) includes a display screen.

Patentansprüche

1. Prozesssteuerungssystem (360) zum Steuern eines
Prozesses (351), wobei das Prozesssteuerungssys-
tem (360) aufweist:

ein Feldgerät (354), das auf den Prozess (351)
aufgeschaltet und dazu eingerichtet ist, eine
Prozessbedingung anzupassen;
einen drahtlosen Sensor (356), der auf den Pro-
zess (351) aufgeschaltet und dazu eingerichtet
ist, den Prozess (351) auf das Auftreten eines
Ereignisauslösers zu überwachen, der mit der
Prozessbedingung zusammenhängt;
eine lokale Steuerschleife (300), die mit dem
Feldgerät (354) verbunden ist, wobei die lokale
Steuerschleife (300) umfasst:

eine lokale Steuereinheit (310) mit einem
drahtlosen Kommunikationsmodul (254),
das auf den drahtlosen Sensor (356) auf-
geschaltet ist, wobei die lokale Steuerein-
heit (310) darüber hinaus einen lokalen Pro-
zessor (250), einen lokalen Speicher (252)
und ein lokales Steuermodul (256) umfasst;
das lokale Steuermodul (256) in dem loka-
len Speicher (252) gespeichert ist und
im/durch den lokalen Prozessor (250) aus-
geführt werden kann, wobei die lokale Steu-
erschleife (300) dazu eingerichtet ist, in ei-
nem lokalen Steuermodus zu arbeiten, in
dem die lokale Steuereinheit (310) den
drahtlosen Sensor (356) überwacht und das
Feldgerät (354) an einem lokalen Einstell-
punkt anordnet, der durch das lokale Steu-
ermodul (256) bestimmt ist; und
eine Fernsteuerschleife (200), die mit dem
Feldgerät (354) verbunden ist, wobei die
Fernsteuerschleife (200) umfasst:

eine Fernsteuereinheit (211) mit einem
abgesetzten drahtlosen Kommunikati-
onsmodul (206), das auf das lokale
drahtlose Kommunikationsmodul (254)
der lokalen Steuereinheit (310) aufge-
schaltet ist und eine drahtlose Kommu-
nikation zwischen der Fernsteuer-
schleife (200) und der lokalen Steuer-
schleife (300) erleichtert,
die Fernsteuerschleife (200) darüber
hinaus einen abgesetzten Prozessor

(205), einen abgesetzten Speicher
(212) und ein abgesetztes Steuermo-
dul (240) umfasst, wobei das abgesetz-
te Steuermodul (240) im abgesetzten
Speicher (212) gespeichert ist und
im/durch den abgesetzten Prozessor
(205) ausgeführt werden kann, wobei
die abgesetzte Steuerschleife (200)
dazu eingerichtet ist, in einem Fern-
steuermodus zu arbeiten, in dem die
abgesetzte Steuereinheit (211) den
drahtlosen Sensor (356) überwacht
und das Feldgerät (354) an einem ab-
gesetzten Einstellpunkt anordnet, der
durch das Fernsteuermodul (240) be-
stimmt ist;
die Fernsteuerschleife (200) darüber
hinaus dazu eingerichtet ist, das lokale
Steuermodul (256) zu konfigurieren,
den lokalen Einstellpunkt aus der Ferne
zu verändern;
wobei die lokale Steuereinheit (310)
ausschließlich dafür verantwortlich ist,
die lokale Steuerschleife (300) zu steu-
ern, wenn die lokale Steuerschleife
(300) im lokalen Steuermodus arbeitet;
und
wobei die Fernsteuereinheit (211) aus-
schließlich dafür verantwortlich ist, die
lokale Steuerschleife (300) zu steuern,
wenn die Fernsteuerschleife (200) im
Fernsteuermodus arbeitet.

2. Prozesssteuerungssystem nach Anspruch 1, wobei
der drahtlose Sensor (356) und die lokale Steuer-
einheit (310) an einem Gehäuse (404) angebracht
sind.

3. Prozesssteuerungssystem nach Anspruch 2, wobei
der lokale Prozessor (250), der lokale Speicher (252)
und das lokale Steuermodul (256) im Gehäuse (404)
eingeschlossen sind.

4. Prozesssteuerungssystem nach den Ansprüchen 1
bis 2, wobei die lokale Steuereinheit (310) eine Ein-
gabevorrichtung (408), die auf den lokalen Prozes-
sor (250) aufgeschaltet ist, und eine Ausgabevor-
richtung (406) umfasst, die auf den lokalen Prozes-
sor (250) aufgeschaltet ist.

5. Prozesssteuerungssystem nach Anspruch 4, wobei
die Eingabevorrichtung (408) einen Druckknopf hat.

6. Prozesssteuerungssystem nach Anspruch 4 oder 5,
wobei die Ausgabevorrichtung (406) einen Anzeige-
bildschirm hat.
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Revendications

1. Système de commande de traitement (360) pour
commander un traitement (351), le système de com-
mande de traitement (360) comprenant :

un dispositif de terrain (354) couplé au traite-
ment (351) et agencé pour ajuster une condition
du traitement ;
un capteur sans fil (356) couplé au traitement
(351) et agencé pour surveiller le traitement
(351) pour l’apparition d’un déclencheur événe-
mentiel associé avec la condition du traitement ;
une boucle de commande locale (300) associée
au dispositif de terrain (354), la boucle de com-
mande locale (300) incluant :

un contrôleur local (310) ayant un module
de communication sans fil local (254) cou-
plé au capteur sans fil (356), le contrôleur
local (310) incluant en outre un processeur
local (250), une mémoire locale (252), et un
module de commande locale (256) ;
le module de commande locale (256) étant
stocké dans la mémoire locale (252) et ca-
pable d’être exécuté par le processeur local
(250), la boucle de commande locale (300)
étant agencée pour fonctionner dans un
mode de commande locale dans lequel le
contrôleur local (310) surveille le capteur
sans fil (356) et met le dispositif de terrain
(354) à un point fixé local déterminé par le
module de commande locale (256) ; et
une boucle de commande à distance (200)
associée au dispositif de terrain (354), la
boucle de commande à distance (200)
incluant :

contrôleur à distance (211) ayant un
module de communication sans fil à
distance (206) couplé au module de
communication sans fil local (254) du
contrôleur local (310) et facilitant une
communication sans fil entre la boucle
de commande à distance (200) et la
boucle de commande locale (300), la
boucle de commande à distance (200)
incluant en outre un processeur à dis-
tance (205), une mémoire à distance
(212), et un module de commande à
distance (240), le module de comman-
de à distance (240) étant stocké sur la
mémoire à distance (212) et capable
d’être exécuté par le processeur à dis-
tance (205), la boucle de commande à
distance (200) étant agencée pour
fonctionner dans un mode de comman-
de à distance dans lequel le contrôleur

à distance (211) surveille le capteur
sans fil (356) et met le dispositif de ter-
rain (354) à un point fixé à distance dé-
terminé par le module de commande à
distance (240) ;
la boucle de commande à distance
(200) étant en outre agencée pour con-
figurer le module de commande locale
(256) pour modifier à distance le point
fixé local ;
dans lequel le contrôleur local (310) est
exclusivement responsable pour la
commande de la boucle de commande
locale (300) quand la boucle de com-
mande locale (300) fonctionne dans le
mode de commande locale ; et
dans lequel le contrôleur à distance
(211) est exclusivement responsable
pour la commande de la boucle de com-
mande locale (300) quand la boucle de
commande à distance (200) fonctionne
dans le mode de commande à distan-
ce.

2. Système de commande de traitement selon la re-
vendication 1, dans lequel le capteur sans fil (356)
et le contrôleur local (310) sont attachés à un boîtier
(404).

3. Système de commande de traitement selon la re-
vendication 2, dans lequel le processeur local (250),
la mémoire locale (252), et le module de commande
locale (256) sont enfermés à l’intérieur du boîtier
(404).

4. Système de commande de traitement selon les re-
vendications 1 et 2, dans lequel le contrôleur local
(310) comprend un dispositif d’entrée (408) couplé
au processeur local (250), et un dispositif de sortie
(406) couplé au processeur local (250).

5. Système de commande de traitement selon la re-
vendication 4, dans lequel le dispositif d’entrée (408)
inclut un bouton-poussoir.

6. Système de commande de traitement selon la re-
vendication 4 ou 5, dans lequel le dispositif de sortie
(406) inclut un écran d’affichage.

21 22 



EP 2 842 005 B1

13



EP 2 842 005 B1

14



EP 2 842 005 B1

15



EP 2 842 005 B1

16



EP 2 842 005 B1

17



EP 2 842 005 B1

18



EP 2 842 005 B1

19



EP 2 842 005 B1

20



EP 2 842 005 B1

21



EP 2 842 005 B1

22



EP 2 842 005 B1

23



EP 2 842 005 B1

24

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 4149237 A [0012]


	bibliography
	description
	claims
	drawings
	cited references

